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Abstract: Expansive clay soils are extensively distributed worldwide and are a source of great damage to 
infrastructure and buildings. In monsoon they imbibe water and swell and in summer they shrink on evaporation 
of water.  Because of this alternative swelling and shrinkage, lightly loaded civil engineering structures like 
residential buildings, pavements and canal linings are severely damaged. It is, therefore, necessary to mitigate 
the problems posed by expansive soils and prevent cracking of structures. Extensive laboratory / field trials have 
been carried out by various researchers and have shown promising results for application of such expansive soil 
after stabilization with additives such as sand, silt, lime, fly ash, etc. As fly ash is freely available, for projects in 
the vicinity of a Thermal Power Plants, it can be used for stabilization of expansive soils for various uses. This 
project describes a study carried out to check the improvements in the properties of expansive soil with fly ash 
in varying percentages. 
Expansive soil is treated with an additive which we called stabilizer. This is added in various proportions i.e. 
10%,20%,30%,40%,50% with respective to weight of original sample. Owing to the fact the stabilizer we used 
is fly ash possess no plastic property, which ultimately reduce plasticity index (PI) of test expansiveness of soil, 
and for improving the engineering properties and index properties of expansive soils. 
Keywords: Swelling, Shrinkage, Compaction, Fly ash, Plastic clay, stabilization, Plasticity Index. 
1.0 INTRODUCTION 

Expansive soils, which are also called as swell-shrink soil, have the tendency to shrink and swell with variation 
in moisture content. As a result of this variation in the soil, significant distress occurs in the soil, which is 
subsequently followed by damage to the overlying structures. During periods of greater moisture, like 
monsoons, these soils imbibe the water, and swell; subsequently, they become soft and their water holding 
capacity diminishes. As opposed to this, in drier seasons, like summers, these soils lose the moisture held in 
them due to evaporation, resulting in their becoming harder. Generally found in semi-arid and arid regions of the 
globe, these types of soils are regarded as         potential natural hazard – if not treated, these    can cause 
extensive damage to the structures built upon them, as well causing loss in human life. Soils whose composition 
includes presence of montmorillonite, in general, display these kinds of properties. Tallied in billions of dollars 
annually worldwide, these soils have caused extensive damage to civil engineering structures.   
Expansive soil    

 Consisting of high percentage of clay sized particles, the colour of this soil varies from black to chestnut brown. 
20% of the total land area, on an average, of this country is roofed by expansive soils. These soils are suitable 
for dry farming and for the growth of crops like cotton, rice, jowar, wheat, cereal, tobacco, sugarcane, oilseeds, 
citrus fruits and vegetables; the reason behind it is owed to the moisture retentive capacity of expansive soils, 
which is high. 

 
 

Figure: Major Soil Types in India 
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In the semi-arid regions, just in the last couple of decades, damages due to the swelling, shrinking action of 
expansive soils have been observed prominently in form of cracking and break-up of roadways, channel and 
reservoir linings, pavements, building foundations, water lines, irrigation systems, sewer lines, and slab-on-
grade members.  
Fly ash  

A waste material extracted from the gases emanating from coal fired furnaces, generally of a thermal power 
plant, is called fly ash. One of the chief usages of volcanic ashes in the ancient ages were the use of it as 
hydraulic cements, and fly ash bears close resemblance to these volcanic ashes. These ashes were believed to be 
one of the best pozzolans (binding agent) used in and around the globe. Subsequently, this growth has resulted 
in the increase in number of powers supplying thermal power plants that use coal as a burning fuel to produce 
electricity. The mineral residue that is left behind after the burning of coal is the fly ash. The Electro Static 
Precipitator (ESP) of the power plants collect these fly ashes.  Production of fly ash comes with two major 
concerns – safe disposal and management of fly ash. Because of the possession of complex characteristics of 
wasters which are generated from the industries, and their hazardous nature, these wastes pose a necessity of 
being disposed in a safe and effective way, so as to not disturb the ecological system, and not causing any sort of 
catastrophe to human life and nature. Environmental pollution is imminent unless these industrial wastes are 
pre-treated before their disposal or storage.  
Based on the chemical composition of fly ash, fly ash has been categorized into two categories, as given:  

 Class C fly ash  
 Class F fly ash      

Reaction mechanism of fly ash and expansive soil   

By itself, fly ash has little cementitious value, however, this changes in presence of moisture, with which it 
reacts chemically, and forms cementitious compounds. These compounds attributes to the improvement of 
compressibility and strength characteristics of a soil. Both classes of Fly ash (C & F) are pozzolans i.e., they 
contain siliceous and aluminous materials. Fly ash can thus produce an assortment of divalent and trivalent 
cations (𝐶𝑎2+, 𝐹𝑒3+, 𝐴𝑙3+ etc.) under conditions that are ionized in nature, which in return can encourage 
flocculation of dispersed clay particles. Expansive soils can thus be theoretically stabilized in an effective 
manner by cationic exchange with fly ash.  
Objective of Research 

 To check the ambit of reducing expansiveness and improving bearing capacity value by adding 
additives. 

 Also, to establish the usage of Fly Ash as an additive, thereby helping utilize it which otherwise 

always lays as fine waste product from thermal power plants. 
2. LITERATURE REVIEW 

Sharma et al. (1992), using mixtures of fly ash, blast furnace slag and gypsum, studied stabilization. He found 
that when fly ash, gypsum and blast furnace slag are used in proportions of 6:12:18, the swelling pressure 
decreases from 248 KN/𝑚2 to 17 KN/𝑚2, whereas an increase by 300% was observed in case of unconfined 
compressive strength.   
Srivastava et al. (1997) studied the microscopic changes in the fabric and micro-structure of the expansive soil 
due to the addition of lime sludge and fly ash using SEM photography. He found that there were changes in the 
micro-structure and fabric of the expansive soil when 16% lime sludge and 16% fly ash were both added.  
Srivastava et al. (1999) have also stated that the best stabilizing effect of the swelling and consolidation 
behavior in an expansive soil mixed with fly ash and lime sludge was obtained when 16% lime sludge and 16% 
fly ash were added.  
Cokca (2001) found out that swelling pressure decreased by 75% after 7-day curing, and 79% after 28 day 
curing when soil specimens were treated with 25% Class C Fly ash (18.98% of CaO).  
Pandian et al. (2001) made an effort towards stabilization of expansive soil by using Class F Fly ash. He found 
that fly ash can make for an effective additive when he saw that with 20% fly ash content, the CBR value of 
Black cotton soil improved (about 200%) significantly. 
3.0 MATERIALS AND METHODOLOGY 

Materials 

      1. Expansive Soil 
      2. Fly ash 
 Methodology Adopted 
To evaluate the effect of fly ash as a stabilizing additive in expansive soils, series of tests, where the content of 
fly ash in the expansive soil was varied in values of 10% to 50% (multiples of 10) by weight of the total quantity 
taken. The Indian Standard codes were followed during the conduction of the following experiments:  
1. Standard proctor test – IS: 2720 (Part 7) – 1980 
2. Unconfined compressive strength (UCS) test 
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location Measure Cylinder Reading after 24 hours Free Swell 

index% 
 Kerosene 

(ml) 

Distilled Water 

(ml) 
Kerosene (ml) Distilled 

Water (ml) 

Kerosene (ml) 

Yellapur Lake 10 10 10  10 
 

Experimental Investigations 
 Index tests on the natural and stabilized BC soils were carried out in accordance with the procedures outlined in 
BS 1377 (1990) and BS 1924 (1990) respectively, for the stabilized soil specimens, step percentages of FLY 
ASH ( 10%,20%,30%,40%,50%) was introduced into the soil. 
The following test were carried out on the natural and stabilized soils: 
FREE SWELL INDEX OF SOILS (IS: 2720(part 40) 1977). 
The presence of montmorillonite in clay minerals allows the judgement of the expansiveness of the soil. This 
test is conducted by adding 10 gm of dry Soil, passing through a 425-micron sieve into two separate 100 cc 
graduated jar – one filled with water, and the other with kerosene. Swelling occurs in the jar containing water. 
the free Swell index values in percentage, are calculated.IS: 2720-|| was followed for free Swell index test. 
Free Swell value (In) (in %age) = (final volume-initial volume)/initial volume ×100 
 Good grade, high swelling, commercial Bentonite has been reported to have free Swell values varying from 
1200% to 2000%. In general, the swelling potential of a soil is related to plasticity index. With corresponding 
range of plasticity index, various degrees of swelling capacities are as indicated through the following table;  
Table no 1: Free Swell index 
Result: The free Swell index of soil collected is 90%  
Sieve analysis particle size distribution test (as per is: 2720 (part 4) – (1985) 
Procedure 
 Clean the sieves set so that no soil particles were struck in them. While weighing put the sieve with soil 

sample on the balance in a concentric Position. 
 Check the electric connection of the sieve shaker before conducting the test. No particle of soil sample shall 

be pushed through the sieves. 
 A representative sample of soil received from the field and dry it in the use a known mass of dried soil with 

all the grains properly separated out.  
 The Maximum mass of soil taken for analysis may not exceed 500 g.  
 Prepare a stack of sieves. Set the sieves one over the other with an ascending order (sieves having larger 

opening sizes i.e., lower numbers are placed above the one with smaller opening sizes i.e., smaller 
numbers). The very last sieve is #200 (75-micron sieve). A pan is attached to the lowest 75-micron sieve to 
collect the Portions passing #200 sieve and fit the nest to a mechanical shaker.  

 Make sure sieves are clean. If many soil particles are stuck in the openings try to Poke them using brush. 
 The whole nest of sieves is given a horizontal shaking for 10 min in sieve shaker. Till the soil retained on 

each reaches a constant value.  

 Determine mass of soil retained on each sieve including that collected in the pan. 
Table: Calculation for Sieve Analysis 

Sieve size 

(mm) 

Mass of 

Sieve (gm) 

Mass of 

Sieve+ Soil 

Retained 

(gm) 

Mass of 

soil 

retained 

(gm) 

Cumulative 

Mass 

Retained 

(gm) 

 

Cumulative

% retained 

 

Cumulative 

%Passing 

4.75 348 700 352 352 63 37 
2.36 316 640 324 676 79.6 20.4 

1.18 310 632 322 826 90.8 9.2 

0.600 292 604 312 976 97.6 2.4 

0.300 292 588 296 990 99.0 1 

0.150 284 562 280 996 99.6 0.4 

0.075 280 562 282 998 99.8 0.2 

Pan 318 318 0 1000 100 0 

 
Specific gravity soil by pycnometer method 

Procedure for specific gravity of soil by pycnometer Method 
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 Clean and dry the pycnometer. Tightly screw its cap. Take its mass (M1) to the nearest of 0.1 g  
 Mark the cap and pycnometer with a vertical line parallel to the axis of the pycnometer to ensure 

that the cap is screwed to the same Mark each time. 
 Unscrew the cap and place about 200 g of oven dried soil in the pycnometer. Screw the cap. 

Determine    the mass (M2) 
 Unscrew the cap and add sufficient amount of de-aired water to the pycnometer so as to cover the 

soil. Screw on the cap. 
 Shake well the contents. Connect the pycnometer to a vacuum pump to remove the entrapped air, 

for about 20 minutes for fine- grained Soils and about 10 minutes for coarse grained soils. 
 Disconnect the vacuum pump. Fill the pycnometer with water, about three- fourths full. Reapply 

the vacuum for about 5 min till air bubbles stop appearing on the surface of the water. 
 Fill the pycnometer with water completely upto the mark. Dry it from outside. Take its mass 

(M3). 
 Record the temperature of contents. 
 Empty the pycnometer. Clean it and wipe it dry. 
 Fill the pycnometer with water only. Screw on the cap up to the mark. Wipe it dry. Take its mass 

(M4). 
 

Table: Calculation for specific gravity of Soil 

Sl.NO. Observations Weight 

1 Wt. of density bottle (W1) 564 

2 Wt. of density bottle + Dry soil (W2) 776 

3 Wt. of density bottle+ soil + water (W3) 1555 

4 Wt. of density bottle+ water (W4) 1490 

5 Specific Gravity w2-w1/(w2-W1) (W3-W4) 2.75 

 
4.0 RESULT AND DISCUSSIONS: 
Specific gravity of Soil -2.75 
ATTERBERG LIMITS 

Purpose: 

This experiment is performed to determine the plastic and liquid limits of a fine-grained soils. The liquid limit 
(LL) is defined as the water content, in percent, at which a pat of soil in a standard cup and cut by a groove of 
standard dimensions will flow together at the base of the groove for a distance of 13 mm (1/2in) when subjected 
to 25 blows from the cup being dropped 10 mm in a standard liquid limit apparatus operated at a rate of two 
shocks per second. The plastic limit (PL) is the water content, in percent, at which a soil can no longer be 
deformed by rolling into 3.2mm (1/8 in.) diameter threads without crumbling 

Liquid limit: 

1.Calculate the water content of each of the liquid limit moisture cans after they have been in the oven for at 
least 16 hours. 
2.Plot the number of drops (N) (on the log scale) versus the water content (W). Draw the best- fit straight line 
through the plotted points and determine the liquid limit (LL) as the water content at 25 drops. 
Plastic Limit:  

 Calculate the water content of each of the plastic limit moisture containers after they have been in 
the oven for at least 16 hours 

 Compute the average of the water content to determine the plastic Limit (PL). Check to see if the 
difference between the water content is greater than the acceptable range of two results (2.6%). 

 Calculate the plasticity index = LL – PL. 
 Report the liquid limit, plastic limit, and plasticity index to the nearest 
Result: 
From the graph we obtained the liquid limit corresponding to 25 blows 
Liquid limit- 65.0% 
Plastic Limit-35.0% 
Plasticity index -29.0% 

 Hence the soil collected comes under High swell category 
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Fig: Classification of clay soil graph 

Compaction test: 

Compaction test of soil is carried out using proctor’s test to understand compaction characteristics of 
different soils with change in moisture content. Compaction of soil is the optimal moisture content at 
which a given soil type becomes most dense and achieve its maximum dry density by removal of air 
voids. 
Proctor Soil Compaction Test procedure 
1. Take about 20 kg of air- dried Soil. Sieve it though 20mm and 4.7 mm sieve. 
2. Calculate the percentage retained on 20 mm sieve and 4.75 mm sieve, and the percentage passing 
4.75mm Sieve. 
3. If the percentage retained on 4.75mm Sieve is greater than 20, use the large mould of 150mm 
diameter. If it is less than 20%, the standard mould of 100mm diameter can be used. The following 
procedure is for the standard mould. 
4. Mix the soil retained on 4.75mm Sieve and then passing 4.75mm Sieve in proportions determined 
in step (2)to obtain about 16 to 18 kg of soil specimen. 
5. Clean and dry the mould and the base plate. Grease them lightly. 
6. Weight the mould with the base plate to the nearest 1 gram.  
7.Take about 16-18 kg of soil specimen. Add water to it to bring the water content to about 4%if the 
soil is sandy and to about 8%if the soil is clayey. 

Table: compaction Test Calculations 
SL.no Proportion Value 

1 Black cotton soil with no 

admixtures 

O.M.C = 22.65 

M.D.D = 1.52g/ cc 

 
Unconfined compression test: 

Theory: 
An Unconfined compression test is also known as uniaxial compression tests is special case of a 
triaxial test where confining pressure is zero. UC test does not require the sophisticated triaxial setup 
and is simpler and quicker test to perform as compared to triaxial test. In this test a cylinder of soil 
without lateral support is tested to failure in simple compression at a constant rate of strain. The 
comprehensive load per unit area required to fail the specimen as called unconfined compressive 
strength of the soil. 
PROCEDURE: 
1. Take two frictionless bearing plates of diameter equivalent to that of the sample dimension. 
2. Place the specimen on the base plate of the load frame (sandwiched between the end plates). 
3. Place a hardened steel ball on the bearing plate. 
4. Adjust the center line of the specimen such that the proving ring and the steel ball are in the same 
line. 
5. Fix a dial gauge to measure the vertical compression of the specimen. 
6. Adjust the gear position on the lord frame to give suitable vertical displacement. 
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7. Start applying the load and record the readings of the proving ring dial and compression dial for 
every 5 mm compression. 
8. Continue loading till failure is complete, and then draw the Sketch of the failure pattern in the 
specimen. 

Table: Cu and Qu values of soil collected 

SL. No DESCRIPTION VALUE 

1 Black cotton soil Cu= 0.86 

Qu= 1.72 

 
Table: Experimental values of black cotton soil 

 

EXPERIMENTS VALUES 

Specific gravity 2.75 

Liquid limit 65.6 

Plastic Limit 35.8 

Shrinkage limit 29.3 

Gradation 
Sand 
gravel 
Silt &clay 

26.2 
2.8 
71 

Compaction (OMC/ MDD) 22.65/1.52 

Compaction (OMC/ MDD) 22.65/1.52 
Free Swell index 90% 
Unconfined compression test Cu 

qu 

0.86 

1.72 

Soil classification CH 

 

CONCLUSION 
Based on the results obtained and comparisons made in the present study, the following Conclusions can be 
drawn: 

• The plasticity index of soil is 29.8% and gradually decreased to 22.9 % by addition of Fly Ash. 
• The Maximum Dry Density (MDD) value of the black cotton soil initially increased from 1.52gm/cc to 

1.53gm/cc from Fly Ash Admixed soil at 0% and the variation of MDD shown 30%. 
• The value of OMC decreased from 22.65% to 21.34% for fly Fly Ash admixed soil at 0% and the 

variation shown is about 50% increased. 
• Specific gravity is increased from 2.75 to 2.94 by addition of fly ash content. 
• The Unconfined Compressive Strength (UCS) of the soil with variation of fly ash content showed 

similar trend as that of the MDD values, except the fact that the peak value was observed for a fly ash 
content of 20% by weight and strength varied is 2.34% 

• With the increasing fly ash content in the soil-fly ash mixture, the decrease in value of free swell ratio 
was remarked. Plasticity index values are directly proportional to percent swell in                              
expansive soil, thus affecting the swelling behavior of the soil-fly ash mixture. 

• Thus, fly ash as an additive decreases the swelling, and increases the strength of the black cotton soil. 
Future scope of work: 

Fly ash along with another additive like lime, murdrum, cement, and other such materials Can be used together, 
and may be varied in quantity to obtain the best possible Stabilizing mixture. 
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